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AB The present invention 

wafer ha\ 

directic 

inventi 

having 

thereof 

detectable 

single c 

1+10 . sup 

directio 




icon epitaxial 
ity all over the radial » 
for manufacturing the same. The present 
con epitaxial wafer 

abtlit)> all over the radial direction 
ipitates 
on 

ial growth is 
position in the radial 
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AB To follow the mass transport 
<100> single crystal silicDn 
wafers were implanted at 6P0 
in order to understand and 
on the growing buried Si02 
pieces of the implanted wafe 



2006 lET on STN 

A1994-13-6170T-009; B1994-07-2530F-007 
during annealing of SIMOX structures four 



C with 90 keV or 70 keV 180+ 
quantify the effects of the Si02 capping layer 
layer. After implantation 
rs were capped with 500-1000 nm natural Si02 



V 



cap by plasma sputtering! and then annealed at 1360''C for 6 h in a 
quartz silica tube in flawing nitrogen. For the 90 keV wafers (1) 3.5, 
(2) 4.0, and (3) 4.3+1011 180+/cm2 the anneal results in continuous 
oxide layers with some sjjlicon islands and pin holes, and a constant 
number ( 1 . 8+1017/cm2) on implanted 180 has exchanged with 160 
atoms in the cap. The 180 distributions within the cap for the three 
annealed samples are verJ similar. The lowest dose (1+1017 
180+/cm2, 70 keV) used feu: wafer 4 is only about one third of the 
critical dose (OcA) required to form a continuous oxide layer after 
implantation and annealinif. After the anneal, unlike what was found at 
the higher doses, it is flund that all of the implanted 180 has moved to 
the cap, with no buried ojiide precipitate layer being 

observed. It is proposed tpat the diffusional exchange of 160 and 180 is 

thought to be via thermal Vacancies. The self-diffusion coefficient of 

180 in the Si02 cap has been estimated to be between 3.5+10-15 and 

3.4+10-14 cm2/s, at 1360''cl 
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CD.; Booker, G.R. I 
SO Nuclear Instruments & Metholds in Physics Research, Section B (Beam 

Interactions with Materials! and Atoms) (March 1994), vol.B85, no. 1-4, p. 
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L3 


40 
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191 
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L7 
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L8 


272 
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L9 
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LIO 
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L2 AND L3 


Lll 
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L2 AND L4 AND L5 
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53028 
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L13 
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L2 AND L12 


L14 


6440973 
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(HEAT? OR ANNEAL?) 


L15 


38182 
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(OXIDIZ? (8A) ATMOSPHERE) 


L16 


27332 


s 


( STACKING ( 8A) FAULT* ) 


L17 


15 


s 


L2 AND L4 AND L12 AND L14 AND L15 AND L16 


L18 


1 


s 


L5 AND L17 
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AB The present invention is directed to a process for producing a silicon 
on insulator (SOI) structure having intrinsic gettering, 
wherein a silicon substrate is subjected to an ideal 
precipitating wafer heat treatment which enables the 
substrate, during the heat treatment cycles of essentially any 
arbitrary electronic device manufacturing process to form an ideal, 
non-uniform depth distribution of oxygen precipitates, and wherein a 
* dielectric layer is formed beneath the surface of the wafer by 
implanting oxygen or nitrogen ions, or molecular oxygen, beneath the 
surface and annealing the wafer. Additionally, the 
silicon wafer may initially include an epitaxial 

layer, or an epitaxial layer may be deposited on the substrate during 
the process of the present invention. 
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AB The present invention provides a silicon epitaxial 

wafer having an excellent IG capability all over the radial 

direction thereof and a process for manufacturing the same. The present 

invention is dire/sted' to aAslZicon epitaxial wafer 

having an excellent ae^^^f^cA^ capability all over the radial 

directiorVntherg^^^V^vW^ demsity pf oxide 

precipitatigi^p^f^^ in^^tjdk^ipter^'or of a silicon single 

crystal substraf^Cafter epi^^ is 1+10 . sup . 9/cm. sup. 3 or 

higher at any pasy[^^^(\^^ radial direction. 
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AB There are provided silicon sdngle crystal, silicon 

wafer, and epitaxial wafer hiving a sufficient 
gettering effect suitable f oA a large-scale integrated device. 
The silicon single crystal which is suitable for an epitaxial 
wafer is grown with nitrogen qoping at a concentration of 



ore, or with nitrogen doping at a 
:oms/cm. sup. 3 and carbon doping at a 
5+10. sup. 16 atoms /cm. sup. 3 



1+10. sup. 13 atoms/cm, sup. 3 or 
concentration of 1+10. sup. 12 a 
concentration of 0 . 1+10 . sup . 16 
and/or boron doping at a concehtration of 

lore. The silicon 
E :om the silicon single 
i;: is grown on a surface of the 
silicon wafer to produce the e]>itaxial wafer 

. The present invention provide s an epitaxial wafer for a large-scale 

integrated device having no deiects in a device-active region and having 

an excellent gettering effect without performance of an 

extrinsic or intrinsic getterirlg treatment, which is a factor 

for increasing the number of prpductibn steps and production costs. 



1+10. sup. 17 atoms/cm. sup. 3 or 
wafer is produced by slicing 
crystal, and an epitaxial laye 
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TI Method of making an epitaxial wafer 
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AB There are provided silicon single crystal, silicon 
wafer, and epitaxial waner having a sufficient 
gettering effect suitable for a large-scale integrated device. 
The silicon single crystal which is suitable for an epitaxial 
wafer is grown with nitropen doping at a concentration of 
1+10. sup. 13 atoms/cm. sup. B or more, or with nitrogen doping at a 
concentration of 1+10. sup .\l2 atoms /cm. sup. 3 and carbon doping at a 
concentration of 0 . 1+10 . sub . 16-5+10 . sup , 1 6 atoms/cm. sup. 3 
and/or boron doping at a concentration of 
1 + 10. sup. 17 atoms /cm. sup. 3 \or more. The silicon 
wafer is produced by slicing from the silicon single 
crystal, and an epitaxial iSyer is grown on a surface of the 
silicon wafer to produce tha epitaxial wafer 

. The present invention provides an epitaxial wafer for a large-scale 

integrated device having no iiefects in a device-active region and having 

an excellent gettering effecti without performance of an 

extrinsic or intrinsic gettemng treatment, which is a factor 

for increasing the number of ©reduction steps and production costs. 
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AB 



AN 
TI 

IN 



PI 



According to the present ilnvention, there is disclosed a silicon 



single crystal wafer grown 
a wafer having a diameter 
crystal grown at a growth 



according to the CZ method which is 
of 200 mm or more produced from a single 
ate of 0.5 mm/min or more without doping 



except for a dopant for controlling resistance, wherein neither an 
octahedral void defect duel to vacancies nor a dislocation cluster due to 
interstitial silicons exists as a grown-in defect, and a method for 
producing it. There can be [provided a high quality silicon 
single crystal wafer having a large diameter wherein a 
silicon single crystal in vlhich both of octahedral void defects 
and dislocation clusters whkch are growth defects are substantially 
eliminated is grown at higher rate compared with the conventional method 
by the usual CZ method, andl furthermore by controlling a concentrations 
of interstitial oxygen in tlte crystal to be low, a precipitation amount 
is lowered and "ununif ormity lof BMD in a plane of the wafer is improved, 
and provided a method for pdoducing it. 
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AB The present invention is directed\ to a process for producing a silicon 
on insulator (SOI) structure havimg intrinsic gettering, 
wherein a silicon substrate is subjected to an ideal 
precipitating wafer heat treatmend which enables the 
substrate, during the heat treatment cycles of essentially any 
arbitrary electronic device manufacturing process to form an ideal, 
non-uniform depth distribution of oxygen precipitates, and wherein a 
dielectric layer is formed beneath \the surface of the wafer by 
implanting oxygen or nitrogen ions, \ or molecular oxygen, beneath the 
surface and annealing the wafer. Additionally, the 
silicon wafer may initially include Ian epitaxial 

layer, or an epitaxial layer may be \deposited on the substrate during 
the process of the present invention^ 
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AB There are provided silicon single crystal, silicon 
wafer, and epitaxial wafer having a sufficient 
gettering effect suitable for a large-scale integrated device; 
The silicon single crystal which is suitable for an epitaxial 
wafer is grown with nitrogen doping at a concentration of 
1+10. sup. 13 atoms/cm. sup. 3 or more, or with nitrogen doping at a 
concentration of 1+1012 atoms/cm. sup. 3 and carbon doping at a 
concentration of 0 . 1+10 . sup . 16-5+10 . sup . 1 6 atoms/cm. sup . 3 
and/or boron doping at a concentration of 
1+10. sup. 17 atoms/cm. sup . 3 or more. The silicon ^ 
wafer is produced by slicing from the silicon single 
crystal, and an epitaxial layer is grown on a surface of the 
siiycon wafer to produce the epitaxial wafer 

. T^e present invention provides an epitaxial wafer for a large-scale 

integrated device having no defects in a device-active region and having 

an excellent gettering effect without performance of an 

extrinsics^r intrinsic gettering treatment, which is a factor 

for increassLng the number of production steps and production costs. 
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AB There are provided siliccyn \ingle crystal, silicon 



wafer, and epitaxial wafer having a sufficient 

gettering effect suitable for a large-scale integrated device. 

The silicon single crystal which is suitable for an epitaxial 

wafer is grown with nitrogen doping at a concentration of 

1+10. sup. 13 atoms /cm. sup, 3 or more, or with nitrogen doping at a 

concentration of 1+10. sup. 12 atoms/cm. sup . 3 and carbon doping at a 

concentration of 0 . 1+10 . sup. 16-5+10 . sup. 16 atoms/cm, sup . 3 

and/or boron doping at a concentration of 

1+10. sup. 17 atoms/cm. sup. 3 or more. The silicon 

wafer is produced by slicing from the silicon single 

crystal, and an epitaxial layer is grown on a surface of the 

silicon wafer to produce the epitaxial wafer 

. The present invention Divides an epitaxial wafer for a large-scale 

integrated device having^ no defects in a device-active region and having 

an excellent gettering ^ffj&ct without performance of an 

extrinsic or intrinsic gettering treatment, which is a factor 

for increasing the number of production steps and production costs. 
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epitaxial wafer 
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AB A silicon wafer characterized in that the laser 

scattering tomography defect occurrence region accounts for at least 80% 

of the wafer surface area and that the laser scattering tomography 

defects have a mean size of mot more than 0.1 |am, with the density of 

those defects which exceed 0.\l Mm in size being not more than 

1+10. sup. 5 cm. sup. -3, and wafers derived from this wafer as the 

raw material by heat treatment for oxide 

precipitate formation, by heat\ treatment for denuded 

layer formation or by epitaxiai layer formation on the surface are 

useful as semiconductor materiaus. In producing this wafer, a single 

crystal is pulled up under pulling conditions such that while the 

temperature of the central portion of the single crystal being pulled up 

from the melt is within the ranga from the melting point to 

1,370° C, the temperature gradient G.sub.c in the central 

portion in the single crystal pul!Mng axis direction is not less than 

2.8® C./mm and the ratio G.sub.c/cVsub.e, where G.sub.e is the 

temperature gradient in the peripheVal portion in the pulling axis 

direction, is not less than 1. By dOT.ng so, silicon 



wafers very low in surface! defect density and allowing the 
uniform and sufficient formation of BMDs can be obtained. 
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AB The present invention is(dd.rected to a process for producing a silicon 
on insulator (SOI) structure having intrinsic gettering, 
wherein a silicon substrata is subjected to an ideal 
precipitating wafer heat treatment which enables the 
substrate, during the heat treatment cycles of essentially any 
arbitrary electronic device manufacturing process to form an ideal, 
non-uniform depth distributipn of oxygen precipitates, and wherein a 

sneath the surface of the wafer by 

ions, or molecular oxygen, beneath the 
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AB 



There are provided silicon sing 
wafer, and epitaxial wafer havi 
gettering effect suitable for a 
The silicon single crystal which 
wafer is grown with nitrogen dopi 
1+10. sup. 13 atoms /cm, sup. 3 or more 



crystal, silicon 
a sufficient 

rge-scale integrated device, 
suitable for an epitaxial 
at a concentration of 
or with nitrogen doping at a 



concentration of 1 + 10. sup. 12 atomsjfcm. sup . 3 and carbon doping at a 
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wafer is produced by slicing .-from tfte silicon single 
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silicon wafer to produce the epitaxibl wafer 



The present invention provides an 



pitaxial wafer for a large-scale 



integrated device having no defects : n a device-active region and having 
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non-uniform depth distribution of oxygen precipitates, and wherein a 
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the process of the present invention. 
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gettering effect suitable • fcJr a large-scale integrated device. 
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and/or boron doping at a concentration of 
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wafer is produced by slicing from the silicon single 

crystal, and an epitaxial layer is grown on a surface of the 

silicon wafer to produce the epitaxial wafer 

. The present invention provides an epitaxial wafer for a large-scale 
integrated device having no deflects in a device-active region and having 
an excellent gettering effect without performance of an 
extrinsic or intrinsic gettering treatment. 
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